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C H A P T E R - 1 
l\l T R 0 D U C T I 0 N 
CHAPTER ONE 
INTRODUCTION 
The demand for food is constantly rising because of the 
phenomenal increase in human population. According to the 
latest estimates, population like that of a country, Bangla Desh 
is added annually. While, the area utilised for food crops 
remains virtually not only unchanged but also decreasing due to 
urbanisation and industrialisation. This "population explosion" 
and liirited space inevitably has brought about drastic changes 
in the farming system. For example, farmers started cultivation 
of shoi't season crops so that more crops can be grown within a 
year. Similarly, double cropping system and tripple cropping 
system has been adopted in many areas, that grew only one or 
two crops earlier. 
In areas where a cereal like wheat is the staple food 
for human consumption yields are reduced in years of unfavourable 
rainfall substantially and many times the crop even fails , 
causing food grain shortage, a problem which India is facing 
today. One of the solutions to ensure stable cereal production 
under rainfed conditions would be to develop and introduce 
suitable high yielding, disease and drought resistant varieties 
which can withstand against the adverse conditions better and 
compete well in terms of yield as well as quality. 
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The objectives were fulfilled to some extent when a 
man made cerejil called 'triticale' was developed. The first 
attempt in this direction was made by Wilson in 1B75 , a 
British scientist, but the cross was sterile. Since then, 
consistent efforts were made by breeders and farm scientists 
and at present it may be safely said that triticale is no more 
a "laboratory curiosity" but has reached the farmers field and 
is claj.med to be the potential future food crop. It combines 
the high protein content and productivity of wheat and vigour, 
harding'ss, lysine content and disease resistance of rye. 
Moreov€'r, it is adaptable to unfavourable environmental 
conditi.ons, such as cold weather and light, sandy or acid soils 
(Hulse and Spurgeon, 1974). 
In semitropical highlands with acid soil3 and in some 
specific disease prone areas, triticale generally shows better 
adaptation and yield performance than wheat. Australia, Brazil, 
East Africa, Europe, Himalayan foot hills and tl:ie central high 
plateau of Mexico are areas where triticale has shown remarkable 
advantages over wheat (Anonymous, 1982). 
However, it must be admitted that there are still certain 
problems associated with triticale, such as poor appearance of 
kernel, preharvest sprouting under wet conditions, late maturity 
and low grain test weight, Research conducted during the last 
quarter of the present century has resulted in outstanding 
success to overcome some of the obstacles. Several countries, 
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like Argentina, Australia, Canada, China, Hungary, India, 
South Africa, the Soviet Union, Spain and the United States, 
have r(;leased improved triticale varieties for oomrneroial 
cultivation. Other countries, such as Chile, Portugal, 
Tanzania and Brazil, are becoming increasingly involved in 
triticsile research (Anonymous, 1982). 
Admittedly, most of the researches were done on genetics 
and breeding of this crop with little emphasis on applied 
physiology and agronomy. However, since 1975, these aspects 
were also covered by various scientists in many countries, 
including India. 
It is gratifying to note that in India, as else^^here, 
triticale has started out-yielding wheat in various localities 
(Anonymous, 1977; Afridi^ £i Bl'' 1977a; Anonymous, 1979). All 
over the world the area under commercial production of 
triticales is now more than 10,00,000 hectares. 
CIMMYT (Mexico) has developed a number of new varieties 
of triticale. Their adaptability and mineral nutrient require-
ment, uader different agroclimatic conditions is yet to be 
worked Dut, particularly in India. 
At Aligarh (U.P., India) considerable work has been 
carried out for more than a decade by Afridi, Samiullah and 
associates. Inam (1978), Abbas (1980), Alvi (1984), Ashfaq 
(1986), Moinuddin (1987) and Fatima (1988) have worked on 
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various aspects of a few earlier released varieties of 
triticale. However, the present author feels that there are 
still some gaps in the mineral nutritional studies. Therefore, 
it seeirs desirable to work out the different doses of N, P 
and K under local conditions, so as to select a few of the 
better responding varieties for recommendation to farmers. 
It is therefore, proposed to perform the following 
four field experiments. 
1. To study the performance of seven triticale varieties, 
suftplying varying doses of basal nitrogen and selecting 
th6'ir yielding ability as one of the criteria for 
as£.essing their comparative adaptability under local 
conditions, giving uniform basal doses of phosphorus and 
poi^ assium. 
2. To investigate the effect of varying levels of basal 
phosphorus on the better performing varieties selected in 
the above field trial, supplying uniform basal doses of 
nitrogen and potassium. 
3. To study the effect of varying levels of potassium applied 
ba;3ally on the better performing varieties selected in 
Experiment 1, supplying uniform basal doses of nitrogen 
and phosphorus. 
4. To perform a trial to test the effect of foliar spray of 
nitrogen and phosphorus on plants grown with different 
basal nitrogen and phosphorus doses. Various growth and 
yi?ld characteristics would be studied to judge the 
performance. The feasibility of fertiliser economy-
through foliar spray would also be explored. 
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CHAPTER TWO 
REVIEW OF LITERATURE 
2.1 Introduction 
The whole art of agriculture lies in nourishment of 
plants. Studies have revealed that plants get most of their 
mi.ieral nutrient requirement from the soil. Besides 
nutrients, soil also supplies water and provides them 
ancihorage. 
Mineral nutrients are added to the soil from their 
parent rocks. Some of them are essential for plant growth 
and development, others may be beneficial while still others 
may even be harmful under certain conditions. Among the 
essential elements, nitrogen, phosphorus and potassium are 
removed by the crop from the soil in larger quantities than 
the remaining elements. 
2.1,1 Brief history 
During the Greek period Aristotle studied the behaviour 
of plants, his conclusion was the nutritive function separated 
the living from dead. Factors, that control plant growth can 
be traced to Roman times, when Gate (234-149 B.C.), an 
earliest Roman agriculturist, urged the need for careful 
conservation of manures (Bould, 1963), However, upto the 
l6tli century A.D. there were no significant developments in 
the field of plant nutrition. 
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The ra t iona l ideas of plant n u t r i t i o n emerged in the 
17th century when Van ffelmont (1577-1644) argued water as 
th3 sole nu t r i en t for p lan ts as was e a r l i e r s ta ted by Robert 
Boyle. Glauber in 1956 emphasised tha t s a l t pe te r , obtained 
from c a t t l e mannures, had a great s t imulat ing ef fec t on 
plant grov/th. Later Woodward in 1699/ ffeles in 1727, Je thro 
Tull in 1731 and Home in 1755 added more in the f ie ld of 
p lan t nu t r i t i on (Bould, 1963). 
19th century i s thought to be the beginning of 
employing modern s c i e n t i f i c experimental methods in plant 
nu t r i t i ona l s tudies , Tte c red i t goes to/Saussure who in 1804 
observed tha t tlie composition of p lan t ash i s not constant 
but var ies with tlie nature of the so i l and age of the p l an t , 
^ claimed tha t mineral elements, including nitrogen, 
supplied by the so i l were e s s e n t i a l for the proper grovjth 
and development of p l an t s . Since then a number of research 
v/orkers including Liebig in 1840, Wolf in 187 5, Boussingault 
in 1886 have carr ied on t h e i r extensive work. Most of 
t h e i r work was on macronirtrients, but in the ear ly p a r t of 
the 20th century a t t en t ion was also paid to micronutr ients . 
Gregory (19 37), Lundegardh (1947, 1951) Russell (1961), 
Bould (1963) and ffewitt (1963) presented excelent a r t i c l e s , 
reviews and books on mineral nu t r i t ion and leaf ana lys i s . 
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2.2 Physiological role of N, P and K 
Among the various agricultural practices like water 
management, fertiliser placement,^seeding rate and selection 
of variety, proper amount of nutrients is also equally 
important. Nutrients present in the soil are not always 
well balanced in the soil since they are either constantly 
utilized by the plants or leached away. The deficiency of 
these essential nutrients,particularly the NPK may be 
overcome by addition of Tnanures and fertilisers. 
The role played by each of these three nutrients in 
plant growth and development is briefly mentioned below. 
2.2 .1 Nitrogen 
Nitrogen is a major structural constituent of the cell. 
Plants contain its more atoms than of any other element 
(except hydrogen) obtained from the soil (Viets, 1965). The 
absorption of nitrogen from the soil is in the form of 
nitrates that get assimilated by reduction to Nfi , followed 
by incorporation into the organic forms. 
It is an important constituent of molecules as purines, 
pyj'^ imidines, porphyrins and coenzymes. It is present in the 
porphyrin structure of chlorophylls and cytochromes, which 
are essential for photosynthesis and respiration. Proteins 
and aminoacids also contain this element. 
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Some physlomorphological factors, like succulence of 
fruits, length and strength of fibres, root growth o-^  
leguminous crops, fruiting capacity of fruit trees lodging 
and winter hardiness of cereals, disease resistance, maturity 
and yield of crops are found to be governed by nitrogen supply 
to the crops (Black, 1968) , 
2,?.2 Phosphorus 
Plants absorb phosphorus from the soil in the form of 
H„PO- or H P O " anions. Phosphorus plays an important role as 
a structural component of the cell constituents and metaboli-
cally active compounds. It is also a constituent of sugar-
ohosnhates ATP, ADP etc., nucleic acids, nucleic acids, nucleo-
proteins, purines and pyrimidines and other coenzymes e.g. 
NADP etc. (Devlin, 1981). 
Phosphorus plays a direct role as carrier of eneray 
becai;se phosphate in several organic linkages may be split 
off by hydrolysis v/ith a relatively high yield of energy 
v;hich is utilised in plant metabolism to p-^rform diverse 
biochemical reactions inside it (Black, 1968). 
ijipoproteins, Nucleoproteins, coenzymes and organic 
molecules such as phytin and phospholipids all have phosphorus 
as an essential constituent. Lipoproteins constitute the cell 
mombramces, nucleoproteins that carry the hereditary materials, 
enzymes and coenzymes containing phos-'-horus are used in metabolic 
reactions. It helps in the exof^ansion of roots, early development 
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and. muturity, mainly, of cereals and competitive ability of 
l€'gumes with forage crops are known to be dependent on 
phosphorus supply to the crops (Black, 1968), Phosphorus is 
involved particularly in every synthetic reaction of the 
cell (Hewitt, 1963). 
2.2,3 Potassium 
Potassium is the only monovalent cation essential for 
plant growth. It occurs in the form of minerals in the soil, 
wh.Lch are released into non-exchangeable (fixed), exchangeable 
or water soluble forms by chemical weathering in the soil. 
Despite numerous researches, it is still not known, 
wh}/ plants require potassium in large amounts (Anonymous, 1977). 
Po-tassium forms no biological molecule in the plants. However, 
lack of potassium indicates its major role in metabolism acting 
as an activator for a number of enzymatic reactions, such as 
frustokinase, pyruvic acid kinase and transacetylase (Nason 
and McElroy, 1963). 
Nobbe in 1870 was the first to point out the necessity 
of ])Otassium for the formation and translocation of 
and 
carbohydrates in plants. It strengthens stalk,/reduces lodging, 
Plants become more turgid and can withstand against pests and 
diseases, 
2.3 Leaf N, P and K contents 
The concept for assessing the nutrients present in the 
plant as an aproach to their availability in the soil was 
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often put forward by various workers including de Saussure 
(1804), who analysed plant ash and observed much variation 
in the composition of plants at different intervals. Hall 
(1905) put forward plant analysis as a method for estimating 
the nutrient status of soil. Similar observations were also 
put forward by Thomas (1932), Russell and Watson (1939), 
Arnon and Hogland (1940), Lundegardh (1947), Goodal and 
Gregory (1947) and Bould (1963). 
In the later half of the present century workers were 
much influenced with the chemical analysis of the leaf than 
the whole plant. It was advantageous, since leaf provides 
a more uniform organ than the other parts of the plant, 
Lundegardh (1943, 1947, 1951) mentioned more compre-
hensive account on this aspect. He recommended leaf analysis 
as a tool for assessing the nutritional status of the plant. 
He noted relationship between the content of nutrients in the 
leaves and vegetative growth, index values of different 
nutrients at several growth stages of plant exhibiting clear 
picture' for the assessment of its nutritional requirements. 
He alsci referred nutrient concentration as a guide to determine 
the final size or number of vegetative and reproductive organs. 
In the case of cereals, the period of flowering, or immediately 
before the flowering is the most suitable stage for leaf 
analysis (Lundegardh, 1951). 
The technique of leaf analysis has also been exploited 
by a number of soil scientists and crop physiologists including 
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Laga-;u and Maume (1930, 1934), Chapman (1941), Scarseth 
(1943a,b), Ulrich (1943), Chapman and Brown (1943), 
Harrington (1944) and Tyner and Webb (1946). 
In India also, encouraging results have been obtained 
with this technique at various research centres on different 
crops. Das X1955, 1959), Chandershekhara and Sundara Rao 
(1956), Sundara Rao and Krishna Rao (1956),Ranjan and Das 
(1957) and Mehrotra and Lehri (1967). 
Similarly, at Aligarh, several workers have applied 
this technique successfully on different crops including 
cereals, oil-seeds and vegetables (Safaya, 1971; 
Samjullah, 1971; Khalique, 1975; Naqvi, 1976; Inam, 1978; 
Abbg.s, 1980; Inam et al.. 1982; Samiullah ejt al^ ., 1983; 
Akhi:ar, 1985; Noor, 1986). 
Infact meagre literature is available in this connection 
on triticale except a few references from Aligarh which are 
reviewed here. 
Inam e_t al. (1982) at Aligarh, studied the response of 
N, ? and K fertilisers to the leaf N, P and K content of three 
triticale varieties (Armadillo PPV 13» Armadillo T 15 and 
Badger PM 119) at three plant growth stages (tillering, 
heading and milky grain). They noted that application of 
fertilisers resulted in increased leaf N, P and K content. 
Maximum N values at all growth stages were found by the 
combined fertiliser dose of N^20^50^60* ^^ "^^  ^ content was 
significani;ly increased with the N application, irrespective 
of the P 01' K dose. Leaf P content was increased significantly 
with the combined fertiliser doses of ^QQ^^Q^XQ* ^ipn^^O^O 
^^^ ^120^60^0 ^^^ ^°^ K' N^20^60^0' ^ 90^60^0 ^^^ ^120^60^30 
proved best for all the three respective s.tages. With regard 
to leaf K content, leaf K was more as compared to that of N or 
P. Among the varieties tested, Armadillo PPV 13 exhibited 
highest N, P and K contents at tillering stage. Whereas at heading 
and milky grain stage, highest N and K contents were observed in 
Badger PM 119 and P in Armadillo T 15. 
Abbas (1980) also at Aligarh, in field trial on 
different sowing dates (25 October, 10 November, 25 November, 
10 December, 25 December and 10 January) observed leaf NPK 
contents of four triticale varieties (UPT 72142, UPT 72152, 
TL 174 and Badger PM 118) at three growth stages, (tillering, 
heading and milky grain). He found leaf NPK contents mostly 
higher i;.i November sowings at tillering stage. At heading 
stage, N content was maximum in 25 November sowing but 
25 October, 10 December and 10 January sowings were at par, 
Regardirg milky grain stage, leaf N content was maximum in 
10 Janusry sowing which was critically different from that of 
other sowing dates. Hov;ever, November sowings were best for 
P and K contents at this stage. In case of varieties, 
Badger JPM 118 gave maximum average NPK contents at tillering 
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while UPT 72142 proved best at heading and milky grain 
stages. 
In another trial, the same worker observed that the 
effec-c of seven seeding rates (50, 75, 100, 125, 150, 175 
and 200 kg/ha) on leaf NPK contents of three triticale 
cultivars (UPT 7438, UPT 7448 and Badger PM 118) at three 
stages of growth. He noted that 75 kg seeds/ha gave maximum 
value for N and P at tillering stage. At milky grain stage 
75 kg/ha was optimum for all the three nutrients. However, 
K content was maximum at 50 kg/ha and was noted to decrease 
gradually with increasing seeding rates. Considering the 
varieties, UPT 7438 gave the highest NPK content at tillering 
stage, while UPT 7448 and Badger PM 118 gave maximum values 
at heading and milky grain stages respectively. 
Abbas e_t al_. (1983a) analysed the MPK content of leaves 
of eight triticale varieties at tillering, heading and milky 
grain stages under uniform fertiliser dose of 120 kg N and 
26.6 kg P/ha. At tillering UPT 7438 gave maximum P content 
(1.12 percent), equalling all the varieties except Armadillo 
PM 108, TL 174 and Badger PM 118. The highest leaf K content 
at tillering was in UPT 72142 (8,36 per cent), which was at 
par A?ith that of other varieties except TL 174 and UPT 7449. 
At hsading stage maximum leaf K content (7.86 per cent) was 
notel in UPT 72152 equalling to that of UPT 7448 and 
UPT 7438. 
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2.4 Fertiliser application 
Cereals occupy, the most important position among the 
crops cultivated by man for food. The criteria for selecting 
a crop variety for cultivation are mainly the productivity 
and quality of the grain. 
Among the factors that control the growth and 
development of the crop plants mineral nutrition is of 
considerable importance. Most of the elements required by 
the plants are obtained from the soil. Therefore, it must 
contain an adequate amount of essential mineral elements, 
both macro and micro-nutrients. It is a well known fact 
that any disbalance in nutrition might be harmful resulting in 
low quantity and poor quality of the crop. Among the macro-
nutrient elements, nitrogen, phosphorus and potassium are 
commonly deficient in the soil, as they are removed in larger 
quantities by previously grown crops. These nutrients are 
commonly supplied to the soil in the form of organic as well 
as inorganic fertilisers to maintain the fertility of the 
soil. 
The uptake and utilization capacity of different 
fertilisers varies from crop to crop. Therefore, the balanced 
fertiliser doses not only ensure the proper supply of 
essertial nutrient elements to the crop plants but also 
nourish the soil microorganisms, which in turn maintain the 
fertility of the soil and improves its texture. 
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Triticale, although known for over a century, has 
attained importance only in the past two decades as a cereal 
crop,, It's improvement in yield and quality by the 
application of fertilisers has been reported by a number of 
workers at various research centres in India and abroad. 
The available published work on the fertiliser requirement 
related to yield has been summarised below. 
2.4.1 Basal application 
It must be admitted that most of the research work 
is related to the breeding and evolution of new genetically 
potential triticale. However, attention has also been given 
on besal fertiliser application. On the other hand^ 
supplementing fertiliser through foliage did not receive much 
atter.tion which is indicated by the following pages. 
Kiss (1958) in Hungary, recommended that triticale 
should be grown primarily on poor soils because it had a 
tendency to lodge on fertile soils. It was also suggested 
that lodging could be avoided by the use of 2 kg chlormequat 
(CCC) per cad hold (1 Cad hold = 0.57 hectare) or by mixing 
triticale with 20 per cent rye as support. He also recommended 
a dose of 140 kg N, P and K per cad hold given in two equal 
doses in the autumn and spring as the optimum fertiliser 
dose. 
in Hungary 
Prohaszka et a^ .^ (1971) while working/on the effect of 
nitrogen on yield and mineral matter content in triticale with 
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different doses of nitrogen supplied in the form of ammonium 
nitrate at 0, 35, 70, 140 or 280 kg/ha. They found an 
increase' in the yield, 1000 grain weight and protein content 
of grain by increasing the rate of nitrogen, 
2:illinsky and Borlaug (1971) on the basis of trials, 
performed at CIANO (Mexico) in 1969-70 reported that the 
application of nitrogen levels from 0 to 300 kg/ha in 
incremer.ts of 60 kg/ha to triticales T 14, T 909 and those of 
50 kg/ha to wheats (Inia 66 and Yecora 70) yielded more in 
wheat thatn in triticale at higher N doses. However, it must 
be noted here that triticales were more or less at par with 
wheats when nitrogen doses were comparatively low (0-120 kg/ha)» 
They enlisted some of the shortcomings of triticale, including 
poor tillering markedly affecting its yield. 
Anand (1972) reported the results of an experiment 
conducted during 1969-70. A combined dose of 134 kg N and 
29.5 kg P/ha was applied by him to twov?heats and ten triticales 
at Ludhiana (Punjab, India). Among all the varieties tested. 
Triticale variety Armadillo 211 gave the highest grain yield 
(42.8 q/ha). 
Gerek and Kutluk (1972) conducted a field experiment during 
1969-70 at Eskischir (Turkey). They observed that two triticale va-
rieties (Bronco 90 and Armadillo 133) gave higher yields than local 
18 
check (Bezostaya-1), when supplied with a combined fertiliser 
do;3e of 30 kg N and 26.4 kg P/ha. 
Lafever and Schmidt (1972) conducted a field experi-
ment in 1971 at Fremont (Ohio, U.S.A.) with six levels of 
nitrogen, i.e. 50, 100, 150, 200, 250 and 300 lb/acre (56, 
112, 168, 224, 280 and 336 kg/ha respectively) and obtained 
the maximum yield of 2524 lb/acre (28.26 q/ha) by the 
application of 112 kg N/ha, They found that the higher doses 
of N showed adverse effect on grain yield, 
Nasr and Guiragossian (1972) applied 18,1 kg N together 
with 35.0 kg P/ha to several varieties of Mexican triticale, 
wheat and barley along with a local wheat check (Najah) in 
Lebiion, They observed that most of the triticales surpassed 
the local check in grain yield. However, they observed 
lodging in triticales due to heavy rains and strong winds. 
Sanchez-monge (1972) at Madrid (Spain), applied NPK 
83.2, 39.0 and 21.6 kg/ha respectively. It was observed that 
the yields of five triticales (Armadillo 157, 136, 147, 1524 
and 133) surpassed the local wheat check (Canalija). 
Acosta (1973), working at Sidi Kacem (Morocco), applied 
99.5 N, 57 P and 39 kg K/ha and recorded higher yields of 
Badgsr PM 118 and 122 (36.2 and 34.8 q/ha respectively) than 
that of local check BT 908 (33.4 q/ha). 
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Kiss (1973) in Hungary while working on NPK fertilised 
the soil with a uniform combined dose (150, 30 and 29 kg/ha) 
and reported that all the triticale varieties gave higher 
yields than the local check (Libelulla) as well as three 
wheats also tested in the same trial. 
Fodor (1974) studied, at Iregszemcse (Hungary), the 
effect of nitrogen application ranging from 0 to 160 kg/ha, 
on the yield of a mixture of triticale/Vicia sp. In addition, 
60 kg P and 70 kg K/ha vfere also applied uniformly. He 
observed a positive correlation between nitrogen rates and 
green matter production. The most economical dose was 80 kg 
N/ha when given in eqi^ al splits at the time of sowing and in 
early spring, 
A trial was conducted to observe nitrogen X variety 
interaction at CIMMYT (Mexico) in 1975. 10 triticale varieties, 
5 bread wheats and 3 durum wheats were treated with five 
levels of nitrogen (O, 75, 150, 225 and 300 kg N/ha). All 
the varieties showed an average grain yield of 51.0 q/ha, to 
the different levels of nitrogen. Durum wheat varieties, on 
an average, gave higher grain yield at the nitrogen levels 
than other varieties tested (Anonymous, 1975). 
In CIMMYT (Mexico) report of 1975-76 trials, it was 
reported that 10 triticale strains were either matching yield 
or sjrpassed four best bread wheats and two durum wheats at 
all litrogen levels ranging from 0 to 300 kg N/ha. At low 
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nitrogen levels, triticale and wheat produced more or less 
equal dry matter, but on increasing the nitrogen levels 
triticale yielded more dry matter in comparison to wheats. 
Triticale strains Drira and Beagle produced 203.0 and 184.0 
q/ha dry matter respectively, whereas the best bread wheats 
at the highest nitrogen level produced the dry matter only 
about 160 q/ha (Anonymous, 1976a). 
Afridi e_t a2^ . (1977a), at Aligarh (Uttar Pradesh, 
India), observed the effect of various nitrogen levels on two 
varieties each of wheat and triticale. 120 kg N/ha proved to 
be the optimum, whereas, wheat cv HD 1982 gave the maximum 
grain yields. However, triticale variety Armadillo PPV 13 
was at par with the standard wheat variety HD 2009 with 
regard to yield. The variety X nitrogen interaction effects 
showed that HD 1982 with 150 kg N/ha and Armadillo PPV 13 with 
120 kg N/ha gave the highest yields. They concluded that 
Armadillo PPV 13 could be cultivated commercially in Western 
Uttar Pradesh. 
Agarwal (1977), at Jhansi (Uttar Pradesh, India), 
observed the effect of two levels of nitrogen (30 and 60 kg 
N/he.) to five varieties of triticale (Tel 16, 11, 13, 17 and 
23) and one of wheat (Kgc) during the 'rabi' season of 
197^-75. He noted a significant linear increase in grain 
yield from 21.3 to 29.1 q/ha (with 0 kg N/ha) to 33.4 to 
44.2 q/ha (with 60 kg N/ha). Triticale variety Tel 23 was 
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found to give the highest average grain yield of 35.8 q/ha, 
while the average yie ld of wheat was 30.89 q/ha. The 
remaining t r i t i c a l e v a r i e t i e s were similar to wheat in y i e ld . 
Andras^ik and Licko (1977) a t Nitra (Czechoslovakia), 
dress€'d the so i l with NPK f e r t i l i s e r s a t the r a t e of 0, 
60:78:72, 100:130:120 and 140:182:168 kg/ha to three cu l t iva r s 
of wheat (Mironvoska, Aurora and Kaukaz), two cu l t iva r s of 
rye (JDanae and Kustro) and one t r i t i c a l e s t a in 64. They 
found tha t the wheat v a r i e t i e s were much capable of making 
effect ive use of f e r t i l i s e r s upto the highest leve l when 50 
perceat chlormequat (CCC) was applied during the important 
growth stages of organogenesis. The two rye v a r i e t i e s were 
found to be inversely proportional to the grain yield when 
nitrogen r a t e s were increased. In the case of the three 
wheat v a r i e t i e s , the average grain yie ld was highest (48, 
56 and 57 q/ha respect ively) followed by the two v a r i e t i e s 
of r je (48 and 49 q/ha r e spec t ive ly ) . The average grain 
y ie ld of t r i t i c a l e was poor a t a l l the NPK r a t e s (28.0 q /ha) . 
Dhiman and Kalra (1977) a t Meerut (Uttar Pradesh, 
India) conducted two f ie ld experiments during the years 
1973-74 and 1974-75. They applied four l eve l s of nitrogen 
(0, 25, 50 and 75 kg N/ha) with a uniform basal dose of 25 kg 
P^O^ and 25 kg KpO/ha to t r i t i c a l e cv. ST 69-1 and wheat 
cv. Kalyansona. In the f i r s t year they noted an increase 
in average grain and straw yie ld with increasing nitrogen 
levels upto 50 kg/ha. Whereas, in the next year of their 
trials they observed that the yield were progressively 
increased upto the highest nitrogen level with 75 kg/ha 
giving the maximum yield of grain (26.8 q/ha) and straw 
(69.0 q/ha). Both varieties yielded more or less equal in 
the two years, but the straw produce of triticale was 
significantly more than that of wheat, giving 34.0 and 28.1 
percent more straw in 1973-74 and 1974-75 respectively than 
wheat. 
Misra (1977), at Lucknow (Uttar Pradesh, India), studied 
the effect of nitrogen on yield of two triticale cultivars 
Bronco 90 and Armadillo 130. He found that increasing 
nitrogen rates from 0 to 90 kg N/ha increased grain yield 
from 9.8 to 15.3 q/ha and the straw yield from 27.1 to 44.4 
q/ha in triticale cultivar -Bronco 90. Whereas, in case of 
Armadillo 130, the increase in grain yield was 6.2 to 13.2 
q/ha while the straw yield 19.2 to 36.0 q/ha, 
Ali and Rajput (1978) at Pantnagar (Urrar Pradesh, 
India), studied the performance of triticale with three levels 
of nitrogen (30, 60 and 90 kg N/ha). Three methods of 
fertiliser application (all basal, \ basal + \ foliar and 
2/3 basal + l/3 foliar) were adapted. Nitrogen levels were 
found to be effective on yield components except that of 
1000 grain weight which was not affected. 60 kg N/ha signi-
ficantly increased ear length, number of ears, grain and straw 
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yield in comparison to 30 kg N/ha, On the other hand 90 kg 
N/ha showed significant effect on grain number per ear 
only. They concluded that high grain yield was the beneficial 
effect of nirogen that increased the number of grains per 
ear and number of ears per plant, whereas the straw yield was 
due tc number of shoots. 
BhardwaJ and Agarwal (1978), at Saharanpur (Uttar 
Pradesh, India), studied the effect of four levels of 
nitrogen (75, 100, 125 and 150 kg/ha) on two triticales 
(T4 a]id PC 202) and two wheats (Kalyansona and Shera). They 
applied a uniform dose of 40 kg/ha each of phosphorus and 
potassium. Different levels of nitrogen showed no signifi-
cant effect on both crops but the varietal response was 
significant. Wheat variety Shera gave maximum grain yield 
(44.9 q/ha) due to its higher grain weight/ear and higher 
yield/plant, but the grain yield of triticale variety PC 200 
(41.1 q/ha) was at par with that of Kalyansona. Triticales 
surpassed in straw yield due to their height, leaf area and 
dry vfeight/plant. 
Etchevers and Moraghan (1978)^ at Chiltan (Chile), 
obse]:*ved the effect of nitrogen (56, 112 and 224 kg/ha) and 
chlormequet (4 kg ccc/ha) on wheat variety 'Chris and triticale 
variety Rosner in two separate trials. They noted that 
nitrogen resulted in increased yields of wheat and triticale, 
mainly due to their increased number of fertile ears/ha. On 
the other hand, chlormequet alone increased wheat yield by 
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32,5 per cent and significantly increased the number of 
fertile spikelets/ear in triticale. Chlormequet, reduced 
the plant height of both the varieties, while nitrogen 
increased it. 
Gajrado e_t al_. (1978), in Chile, applied nitrogen 
(0, 45, 90 and 180 kg/ha) to observe the effect on yield 
parameters of triticale and wheat. They noted that grain 
yield and yield components,except grain number/ear, were 
increased by increasing nitrogen levels, whereas, test weight 
was decreased in wheat. In case of triticale, ear number/ 
plant and yield were increased by nitrogen application,but 
grain weight and test weight remained constant. They also 
found leaf area to be positively associated with yield. 
Inam (1978) and Inam et a^. (1981) at Aligarh (Uttar 
Pradesh, India), observed the effect of nine combinations of 
NPK on the yield components of three triticale cultivars 
(Arms.dillo PPV 13, Armadillo T 15 and Badger PM 119). They 
noted that nitrogen significantly affected all yield compo-
nents,as well as grain yield. Fertiliser combination 
^120^60^60 save highest values for most of the yield 
parameters which ultimately increased the grain as well as 
straw yield of all the varieties tested. However,grain and 
strc.w yield was at par with the values for N120 P60 K30 and 
N120 P30 K50. Armadillo PPV 13 proved best for grain and 
straw yield as well as 1000 grain weight. While ears/plant 
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and sp ike le ts and grain/ear were maximum in Armadillo T15f 
while weight and length of ears were highest in Badger 
PM 119. 
Tahir (1978), a t Islamabad (Pakistan) , performed a 
f i e l d t r i a l of f e r t i l i s e r appl ica t ion on wheat, t r i t i c a l e 
and barley. He noted tha t highest yielding wheat v a r i e t i e s , 
namely Layallpur 70 and Pathowar, yielded 15.2 and 13.0 q/ha 
respect ively without f e r t i l i s e r appl ica t ion , and 22.3 and 
21.3 qy'ha with 60 kg N + 60 kg P/ha, He found 168 kg N/ha 
to be optimum and phosphorus proved best when applied a t f i r s t 
i r r i g a t i o n . Tr i t i ca l e yielded the best , 40.9 - 46.9 q/ha, 
whereas barley yielded only 13.1 - 20,0 q/ha. 
Zatko (1978) a t Piestany (Czechoslovakia), applied 
three levels of nitrogen (80, 110 or 170 kg/ha) to the so i l 
during several cu l tura l p rac t ices including varying nitrogen 
r a t e s (80, 110 and 170 kg/ha) on the yield of t r i t i c a l e 
(No.64). Application of 80-110 kg N/ha gave 2.3-3.9 percent 
higher y ie ld obtained with 170 kg N/ha. 
Agarwal (1979) a t Jhansi (Uttar Pradesh, Ind ia ) , 
observed the performance of six t r i t i c a l e s t r a i n s to three 
l eve l s of nitrogen (O, 30 and 60 kg N/ha). He found tha t 
increasing leve ls of nitrogen s igni f icant ly increased the 
avej^age grain yield of t r i t i c a l e cu l t iva r s from 19.40 q/ha 
to 33.39 q/ha. In another t r i a l addi t ional dose of nitrogen 
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(90 kg/ha) decrease the average grain yield due to 50 percent 
lodging. Triticale cultivar Tel 23 proved highest grain 
yielder (31.24 q/ha). 
Three triticales, eleven bread wheats and four durum 
wheato were grown to compare their response at five nitrogen 
levels (0, 75, 150, 225 and 300 kg/ha) at CIMMYT (Mexico). 
It was noted that all the triticales responded better than 
other varieties under nitrogen stress (0 kg N/ha) and 75 kg 
N/ha proved optimum for their grain yield (Anonymous, 1979). 
Kalra and Dhiman (1979) at Meerut (Uttar Pradesh, 
India), conducted tvro field trials on triticale (cv. ST 69-1) 
and v^ heat (Kalyansona) to study the productivity and grain 
quality. Both crops were fertilised with four nitrogen 
leve;.s (0, 25, 50, 75 kg/ha) with a uniform dose of 35.0 kg 
each of PoOt- and KpO/ha. They observed linear increase in 
grain yield on increasing the nitrogen levels. However, 
surprisingly in another trial they reported that nitrogen 
levels were not effective, Triticale was at par with that 
of wheat, while the number of fertile spikelets was 
considerably more in triticale than in wheat in both trials. 
Triticale also gave more 1000 grain weight. 
Bishnoi and Mugwira (1980)^ at Normal (Alabama,U.S.A), 
studied the effect of three nitrogen rates (50, 100 and 200 
kg/ha) and two nitrogen sources (ammonium nitrate, sulphur 
coated urea) on two triticale cultivars (Beagle and Drira). 
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It was observed that increasing nitrogen rates increased 
plant height- and grain yield in both the cultivars using 
nitrogen in the form of ammonium nitrate or SCU. Beagle 
yielded higher than Drira at 50 and 100 kg N/ha, whereas, 
Drira out yielded Beagle on applying 200 kg N/ha. Application 
of 100 and 200 kg N/ha in the form of SCU gave more yields in 
Drira and Beagle respectively than comparable nitrogen 
rates using ammonium nitrate, 
Pino and Rodriguez (1980) at Santiago (Chile), studied 
the effect of five nitrogen levels (0, 64, 128, 192 or 256 
kg/ha) on two wheats (Marianella and Toquifen) and three 
tritiDales (Navojova, Fitsna 73 and Fitsna 67). They applied 
a uniform basal dose of 80 kg PpO^/ha with each nitrogen 
level and noted an average increase in total dry matter 
production of 49.8 q/ha in wheat and 56.8 q/ha in triticale 
at 256 kg N/ha at which level wheat cv. Marianella and 
triticale cv. Navojova gave the maximum grain yield. At 
192 kg N/ha triticale cv. Fitsna 73 yielded maximum grain. 
On the other hand, wheat cv. Toquifen and triticale cv. 
Fitsna 67 yielded maximum between 128 and 192 kg N/ha. 
Pancholi and Bishnoi (1980) at Normal (Alabama,U.S.A), 
obsej^ ved the effect of four rates of nitrogen (40, 60, 80 or 
100 kg/ha) to triticale (AM 2149) wheat (Arthur) and rye 
(Wre;is Abbruzzi). At 100 kg N/ha wheat cv. Arthur and 
triticale cv. AM 2149 showed significant increase in plant 
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height as compared a t 40 and 60 kg N/ha, On the other hand, 
80 kg N/ha proved optimum for grain yield and t e s t weight 
of the grain, tha t was more or l ess s imilar to 100 kg N/ha. 
Turbin £ t a]^. (1980) in Moscow (U.S.S.R.)» conducted 
f i e ld t r i a l s on t r i t i c a l e (Mp) with a mixture of red clover, 
lucerne hybrid, brome grass and medow fuscus a t NPK ra t e s 
calculated for the targeted grain yield of 30-60 q/ha, T r i t i -
cale gave the highest average grain yield of 60 to 130 q/ha 
under the f e r t i l i s e r dose of 100-120 kg N + 402 to 412 kg 
PpOc + 440 to 460 kg K^O/ha. Moreover, t r i t i c a l e gave the 
highest fodder y ie ld of 573.9 q/ha with 120 to 140 kg N + 
412 tc 424 kg P20^ + 460 to 480 kg K20/ha. Whereas, t r i t i c a l e 
produced the highest herbage yie ld (357.6 q/ha) by 80-90 kg 
N + 202-302 kg P2O5 + 400-420 kg K^O/ha. 
Gajrado £ t al_, (1981) a t Santiago (Chi le) , studied the 
ef fect of d i f fe ren t nitrogen leve l s (0, 90 or 180 kg/ha) in 
s p l i t doses on wheat (variety Marianella) and t r i t i c a l e 
(variety UC-6T). They observed tha t increasing nitrogen 
leve l s increased the grain yie ld from 42.1 and 34.2 q/ha to 
74.5 and 57.9 q/ha in wheat and t r i t i c a l e respec t ive ly . 
Ponce £ t al_. (1981) a t Chapingo (Mexico), dressed the 
so i l with 0 to 115 kg N + 0 to 76 kg P20^ + 0 to 57 kg K20/ha, 
with the aim to study the effect of d i f fe ren t methods of 
cu l t iva t ion and NPK doses on two t r i t i c a l e s (Caborca Tel 79 
and Cananea Tel 79). They noted an increase in grain y ie lds 
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from 2'.5.8 q/ha, with 88 kg N + 76 kg f^^ + 39 kg K^O/ha to 
33.4 c}/ha with 61 kg N + 28 kg V^O^ + 21 kg K^O/ha. 
Dimitrov £t al_. (1982) at Sofia (Bulgaria), performed 
field trials on triticale (cv. No.7291) applying three 
fertiliser rates. They established the optimum fertiliser 
rate 120 kg N + 100 kg "P^O^ + 100 kg K20/ha, although the 
highest yield (87.9 q/ha) was obtained with 180 kg N + 140 kg 
P^O^ -• 140 kg K20/ha. 
Singh et_ al_. (1982) at Hissar (Haryana, India), studied 
the effect of various methods of nitrogen application on two 
wheats (S-308 and Raj 911) and one triticale (TL 22). 
Different combinations of nitrogen application, by basal 
appli(iation, top dressing and foliar feeding were applied. 
Both wheat varieties and triticale gave higher yields by the 
applii;ation of 60 kg N/ha applied at the time of sowing with 
an additional 60 kg w/ha applied as top dressing, than 120 kg 
N/ha applied basally or by foliar feeding. Moreover 1000 
grain weight was increased significantly by foliar feeding. 
They Dbserved a positive correlation between leaf area index 
and grain yield. 
Alvi (1984) at Aligarh (Uttar Pradesh, India), compared 
the performance of four cultivars of triticale (Armadillo 
PM 10B, Armadillo'PPV 13, Bronco 90 and PC 202) with four 
cultivars of wheat (HD 1982, fiD 2009, K 68 and Sonalika). 
He applied a uniform basal fertiliser dose (120 kg N + 26 kg P+ 
26 kg K/ha). Among all the triticales, Armadillo PM 108 gave 
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the highest yield (39.2 q/ha) which even surpassed two of the 
wheat varieties (K 68 and Sonalika). However, the highest 
grain yield (46.1 q/ha) was given by wheat variety HD 1982, 
which v;as more or less similar to HD 2009. Triticale variety 
Armadi.Mo PM 108 surpassed wheat variety HD 2009 in ear length, 
number of spikelets and grain/ear and was at par in 1,000 
grain weight and ear weight. Armadillo PM 108 also gave equal 
values in grain number and 1,000 grain weight with HD 1982. 
In another trial, (Alvi, 1984) applied three levels of 
nitrogen (100, 150 and 200 kg N/ha) and three of phosphorus 
(13, 26 and 39 kg P/ha), together with potassium (26 kg/ha) 
which was applied uniformly. Two triticale varieties, 
(Armadillo PM 108 and Bronco 90) were compared with wheat 
(variety HD 1982). The optimum fertiliser dose was found to 
be NpQQ Ppg for most of the yield attributes including average 
grain yield of 40.6 q/ha exceeding 116% over the control. 
Among the varieties tested. Armadillo PM 108 gave 24% more 
grain than Bronco 90. But in comparison to HD 1982 wheat, 
it yielded 19.5% less grain. Armadillo PM 108 was also 
founc. to be increased in ear length, spikelet number/ear, 
1,000 grain weight and straw yield against the wheat check 
(HD 1982). 
Ashfaq et a]^. (1984) at Aligarh (Uttar Pradesh,India), 
observed the effect of application of various nitrogen levels 
(0, 50, 100, 150, 200, 250 and 300 kg/ha) with a uniform dose 
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of 25 kg; p and 25 kg K/ha on two t r i t i c a l e (cv . Badger 
PM 118 and Bronco 90) to study y i e l d parameters (ear number 
and ea r weight per p l a n t , ea r l e n g t h s p i k e l e t and g r a i n 
number per e a r , 1,000 g r a i n weight and t o t a l g r a i n and s t raw 
y i e l d ) . They noted t h a t 150 kg N proved optimum for most 
of the y i e l d pa ramete r s . Badger PM 118 proved b e s t , ou t 
y i e l d i n g to Bronco 90. 
Farnworth and Said (1982) a t Dhamar (Yaman Arab 
Repub l i c ) , app l i ed s ix n i t r o g e n l e v e l s (0 , 50 , 100, 150, 200 
and 250 kg N/ha) on t r i t i c a l e (cv . Beagle) a longwith 50 kg 
PpOc/ha. They found t h a t g r a i n and t o t a l y i e l d ( b i o l o g i c a l ) 
was increased with i n c r e a s i n g n i t r o g e n l e v e l s . Maximum g r a i n 
y i e l d (46.0 q/ha) and b i o l o g i c a l y i e l d (164.0 q/ha) was 
obta ined a t 200 kg N/ha. 
Kolev and Khristov (1985) i n Nor th-Eas tern Bulgar ia , 
i n a f i e l d t r i a l f e r t i l i s e d the s o i l with 80-160 kg N, 60-120 
kg PpO^ and 40-80 kg KpO/ha i n th ree combinations or with no 
f e r t i l i s e r . They s tud ied the response of these f e r t i l i s e r 
combinations on y i e l d and q u a l i t y on th ree t r i t i c a l e v a r i e t i e s 
(No."^291, Polsko 7 and Ps hero 16) and one wheat check 
(Sodovo 1 ) . They found an optimum y i e l d 69.4 q/ha with 120 kg 
N + 90 kg PpOc + 60 kg KpO/ha recorded by t r i t i c a l e No.7291 
i n comparison with 60 q/ha recorded by wheat. Whereas 80 kg N + 
60 kg PpOc- + 40 kg KpO/ha proved optimum for Polsko 7 and 
Ps hero 16, y i e l d i n g 56 ,6 and 52 ,2 q/ha r e s p e c t i v e l y compared 
with 54 ,7 q/ha given by wheat check (Sodovo 1 ) . 
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Moinuddin et al.. (1984) at Aligarh (Uttar Pradesh, India), 
in a field trial observed the comparative performance of eight 
triticale varieties (Bronco 90, Badger PM 118, Tigre "S", 
Juppa "S", Mula "S", Muskox "S", Delfin and TL 419) alongwith 
one variety each of wheat (HD 1982) and rye (Russian rye). The 
soil was dressed uniformly with 150 kg N + 30 kg P + 30 kg K/ha. 
They noted that triticales Delfin and Tigre "S" gave optimum 
yields, equalled with that of wheat check. Moreover triticale 
variety Delfin showed better performance for most of the yield 
characteristics including test weight. On the other hand, 
Russian rye and Bronco 90 gabe poorest performance in yield 
characteristics including grain yield. 
Moinuddin and Ata (1985) at Aligarh (Uttar Pradesh, 
India), also studied the effect of nine combinations of basal 
nitrogen and phosphorus application on four triticales 
(TL 419, Tigre "S", Muskox "S", and Delfin) along with one 
wheat (HD 1982) and rye (Russian rye). In addition, a uniform 
basal dose of 30 kg K/ha was also applied. They found the 
optimum fertiliser dose with ^PQQPI,Q ^O^ ^ ill yield parameters 
which produced 20% more grain than N^CQP^Q. Delfin gave the 
highest yield even surpassed wheat check and Russian rye by 
producing 10% and 110.54% more grain respectively. The grain 
yield o;; Tigre "S" was at par with that of wheat. They found 
the maximum response of all the varieties at NPQQP^Q and the 
maximum yield recorded for Np^^PrQ x Delfin. 
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In another trial Moinuddin _et al. (1985), at Aligarh 
(Uttar Pradesh, India), observed the effect of nine combina-
tions of N and P on four varieties of triticale (TL 419, 
Tigre »S", Muskox "S" and Delfin) with one wheat (HD 1982) 
and rye (Russian rye) on number of tillers and leaves; height; 
fresh weight and dry weight/plant at tillering, heading and 
milky grain stages. They found NPQQPAQ optimum, whereas, 
N^CQPVQ WS.S poor for all growth characteristics. Regarding 
varieties, Delfin proved superior to all varieties for all 
parameters at each stage. Muskox "S" showed lowest tiller 
number and dry weight/plant. Rye produced minimum leaves. 
Height and fresh weight was lowest in wheat. ^poo^AO ^ 
Delfin proved best for all parameters at all stages, whereas, 
^150^% gave poorest response. They concluded that almost all 
the paraneters contributed significantly to the yield. 
Considering the entire review, it may therefore be 
concluded that under enhanced fertilisation, triticales failed 
to exploit their maximum yielding ability. Like other cereals, 
they require an optimum fertiliser dose for their maximum 
yield in various agro-climatic regions. Optimum dose of 
nitrogen for most of the triticale varieties were found to 
be in between 90 to 200 kg N/ha. Increase in nitrogen doses 
may cause locM.ng, mainly in tall varieties, resulting in poor 
yield, whereas incase of wheat some varieties were able to 
respond well upto 300 kg N/ha, 
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2.4.2 Foliar application 
The entire amount of fertiliser applied to the soil 
at the time of sowing of most crops is not utilised fully 
by the plants as they grow and complete their life cycle. 
Also, it does not remain fully available at all stages 
of plant development. Studies have shown that a large 
quartity of soil applied fertilisers is wasted due to 
microbial degradation, leaching, fixation, volatilisation 
or ether factors. For example, about 70 percent of soil 
applied phosphorus (Russell, 1950) and about 50 percent of 
nitr'Ogen (Anonymous, 1971) is unavailable to the crop due 
to \arious reasons mentioned above. To prevent this loss 
difj'erent methods of fertiliser application have been 
practised from time to time. Among them, one is to 
fertilise the soil in split doses (topdressing) and the 
other through application of dilute solutions to the 
leaves (foliar spray). 
The technique of fertiliser application through the 
leaves is advantageous over other methods of fertiliser 
application and therefore, growing in popularity. It has 
bee;i shown conclusively that most of the nutrients, includ-
ing nitrogen and phosphorus, are readily absorbed, 
translocated and utilised by aerial plant parts, more 
efficiently from the sprays than from supplementary soil 
treatments (Wittwer and Teubner, 1959). The advantage of 
foliar feeding has been exploited to prevent the depletion 
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of nutrients in the leaves that could affect photosynthetic 
ac tivity during the crucial period of "grain filling" due to 
poor root absorption or retranslocation from the older leaves 
(Garcia and Hanway, 1976). 
On the other hand, in developing countries, like India, 
the rising cost of fertilisers creates problem for small 
farmers as they do not have the finance to apply the recommended 
do£;e to their crops. In such circumstances, this technique is 
quite effective and economical and the cost involved is 
negligeable. 
Much work has been carried out abroad on various crops 
inclLuding vegetables (Mayberry, 1951; Montelaro £t al_., 1953; 
Margin, 1954; Wittwer e_t al_., 1957), fruit trees (Fisher and 
Walker, 1955), sugarcane (Burr, e_t al_., 1956) and sugarbeet 
(Thcrne and Watson, 1953, 1956; Klechkovski, 1956). 
In India also various workers have already added their 
contributions on foliar nutrition of different crops viz. 
Sadaphal and Das (1956), Anonymous (1958), Kannan and 
Ranganathan (1963), Ranganathan and Govindan (1964) in case of 
sugai'cane and De e_t al_. (1968). 
At Aligarh, Afridi and his associates have been working 
for the last 17 years on foliar nutritional research on 
different crops. Samiullah (1971) and Afridi and Samiullah 
(1973), Samiullah and Afridi (1975) working with barley, 
Khalique (1975) with barley, maize and lettuce Qaseem (1975) 
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and Afridi et al_. (1978,b) with barley and wheat; Afridi e_t al, 
(1978a), Naqvi (1975), Naqvi et al. (1977), Parvaiz (1979) 
Parvaiz et al. (1982), Afridi et, aj. (1983), Samiullah £t al_. 
et al. 
(1983), Mohammad et a]^. (1986a), Mohammad7(19B6b) on mustard 
and Afridi ei a],. (1978c), Inam (1978) and Abbas (1980) 
Aivi (1984), Ashfaq (1986) on triticale and wheat, Noor 
('986) on radish and turnip, Akhtar e_t al_.- (1984) on lentil, 
have obtained remarkable and significant findings. 
Although, this technique of foliar nutrition has been 
applied to a wide variety of crops including cereals, but 
only a few references are available on this aspect on triticale, 
because of,being not a traditional crop and has emerged recently 
as a potential cereal crop. Some of the available informations 
regarding foliar application of nutrients have been summarised 
below. 
A field trial with triticale and wheat cultivars was 
conducted at CIMMYT (Mexico) to study the effect of split 
nitrogen and foliar urea on the growth of plants. It was noted 
that grain yield was significantly increased by the foliar 
application of nitrogen. However, the increase in grain number 
per ear was slightly less than that of split nitrogen. It was 
also found in splitting method that inspite of decreased ear 
per unit area, the foliar application resulted in more grain 
yield (Anonymous, 1976b), 
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Kulshrestha ejt a]^. (1976) at I.A.R.I. (New Delhi, India) 
obssrved the response of 12 strains of triticale and one of 
wheat to foliar spray of 0.05 percent boron three times during 
the grain formation period with an interval of 8 days between 
eac.a spray on grain quality. They found boron spray to be 
significantly effective on 1,000 grain weight. 
Dhiman (1978) at Hissar (Haryana, India), conducted field 
trials to study the response of triticale to nitrogen applica-
tion. He applied two nitrogen levels (50 or 75 kg N/ha) and 
used different methods of nitrogen application and noted 
significant effect of interaction between nitrogen levels and 
thej.r methods of application. Foliar feeding of nitrogen 
fol].owed by placement of nitrogen proved better than broadcast 
method at lower level of nitrogen (50 kg N/ha). Whereas, at 
higher level of nitrogen (75 kg N/ha), broadcast method was 
found to be better. He noted that grain production was slightly 
incr'eased when nitrogen was applied in split doses, half 
through the soil and half through the foliage. 
Inam (1978) at Aligarh (Uttar Pradesh, India), observed 
the effect of three basal nitrogen levels (90, 120 and 150 kg/ha) 
supplemented with leaf applied phosphorus and nitrogen alone 
or in combination on the yield characteristics of triticale 
(cv. Armadillo PPV 13). He sprayed the leaves with 20 kg N/ha 
and/or 2 kg P20^/ha, after 120 days of sowing and noted that 
spray of N+P in combination gave the best results followed by 
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the spray of P only. With regard to interaction effect, 
N.J-QX N + P gave the higher value for most of the yield 
characters followed by N^CQ^ ^ treatment. 
In another field trial conducted by the same worker 
comparative effect of various levels of phosphorus spray 
(0, 1, 2 and 4 kg P2O /ha) on triticale (cv. Armadillo PPV 13), 
120 days after sowing, keeping the same basal dose of nitrogen 
(90, 120 and 150 kg N/ha) was studied. He noted that spray 
of 2 kg PpOc-/ha proved best for most of the yield characters. 
• The maximum straw yield was obtained by the spray of 4 kg 
PpOf/ha. Regarding the interaction effect, N.^Q X 2 kg PpO^ -
spray gave the maximum value for most of the ear characteristics, 
while for grain yield, N.J-Q X 4 kg P 0 spray/ha was equally 
effective, 
Bishnoi and Igbokwe (1979) at Normal (Alabama, U.S.A.), 
comjiared the foliar application with conventional method of 
nitrogen application on triticale, wheat and rye. They noted 
that- conventionally fertilised plots produced more tillers 
and grain/ear than foliar application of nitrogen in all the 
three species. Grain weight was also increased in conventional 
nitrogen application than that of foliar application, but the 
differences were not significant. Moreover, the conventionally 
fertilised plots produced 20 percent more grain than foliarly 
fertilised plots. 
39 
Sayed and Al-Saad (1979) a t Riyadh (Saudi Arabia) , 
conducted f ie ld t r i a l s to study the effect of f o l i a r appl ica t ion 
of ni trogen, phosphorus and potassium alone or in combinations 
on two t r i t i c a l e l ines (a) Armadillo X 308-3 N and (b) Beaver X 
Armadillo X 2458-0Y-111 and one of wheat (Mexipak 65). 
Different combinations of f e r t i l i s e r dose v i z . N, P, K, NP, 
PK, NPK and water (control) a t 4.73 l i t r e / h a of concentrated 
solut ion of 10.0 percent N, 12.0 percent PpOf- and 6.0 percent 
KpO were applied through fo l iage . The average grain y ie lds 
were found to be 2,40 and 2.36 kg per p lo t for t r i t i c a l e s and 
2,75 kg per p lo t for wheat. Hectol i t re weight and 1,000 grain 
weight were higher in t r i t i c a l e l ine (a) than in (b) or wheat. 
Grain yield was increased by f e r t i l i s e r treatments depending 
on the year. 
Abbas (1980) a t Aligarh (Uttar Pradesh, Ind ia ) , observed 
the effect of fo l i a r spray of nitrogen and phosphorus on y ie ld 
cha rac t e r i s t i c s of t r i t i c a l e (variety Badger PM 118) and wheat 
(variety Sonalika). He applied three sources of phosphorus 
(sodium dihydrogen ortho-phosphate, calcium superphosophate and 
ammonium phosphate) a t the ra te of 5 kg PpO^-Zha, singly or in 
combir.ation with two doses of urea (2 or 20 kg N/ha). Sodium 
dihydrogen orthophosphate proved best source of phosphorus 
alongwith nitrogen in the spray s tud ies . He obtained maximum 
grain as well as most of the yield cha rac t e r i s t i c s by the 
f o l i a r appl icat ion of combined dose of sodium dihydrogen 
orthofihosphate + 2 kg N/ha, which was followed by sodium 
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dihydrogen orthophosphate + 20 kg N/ha. I t was also observed 
t h a t t r i t i c a l e gave higher values for a l l the yie ld characte-
r i s t i c s , except tha t of 1,000 grain weight and grain y ie ld than 
Sonalika. 
Singh e_t al_. (1982) a t Hissar (Haryana, Ind ia ) , studied 
the effects of d i f ferent methods of nitrogen appl ica t ion on 
t r i t i : ; a l e (variety TL 22) and two wheat (va r i e t i e s S-308 and 
Raj 911). He applied various combinations of nitrogen (basal , 
top dressing and fo l i a r feeding) and noted tha t appl icat ion of 
60 kg N/ha a t the time of sowing with further appl ica t ion of 
60 kg/ha as top-dressing produced higher y ie lds of both 
t r i t i c a l e and wheat in comparis^on to 120 kg N/ha applied 
basall.y or by fo l i a r spray. Maximum yield of t r i t i c a l e (20,3 
q/ha) was recorded in 1974-75 when more of the nitrogen was 
applieid.as top-dressing. He also noted tha t in the case of 
f o l i a r appl ica t ion , 1,000 grain weight was increased, 
Alvi (1984) a t Aligarh (Uttar Pradesh, Ind ia ) , studied 
the el'fect of f o l i a r spray of nitrogen and phosphorus alone 
or in combination, on yield and grain quali ty of two t r i t i c a l e 
(Armadillo PM 108 and Bronco 90) and one wheat check. He 
applied the f e r t i l i s e r basally and fo l i a r ly in such a manner 
tha t each treatment f ina l ly received 200 kg N and 26 kg P/ha. 
Nitrogen spray was done by aqueous solution of urea alone or in 
combination with phosphorus in the form of aqueous solut ion 
of sodium dihydrogen orthophosphate in one spray a t 90 days or 
in two sprays a t 90 and 100 days af te r sowing. The control had 
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only water spray and full 200 N + 26 kg P/ha at the time of 
sowing. All the treatments were encouraging for most of the 
yielc'. components and grain yield. He obtained maximum grain 
(9.8 percent higher than the control) in split spray of 
nitrogen. Nitrogen application in split spray also increased 
the grain yield of triticale cultivar Armadillo PM 108 
(45,75 q/ha) which was more or less equal to wheat check HD 
1982 (46.65 q/ha) with an equivalent fertiliser dose given 
by conventional soil application. However, maximum grain 
yield (50.15 q/ha) was obtained from wheat check with split 
nitrogen application, which was at par (50.01 q/ha) with 
split application of nitrogen and phosphorus in combination. 
The above review reveals that the work on foliar 
application of fertiliser is meagre, whereas, among the various 
methods of supplemental fertiliser application, this technique 
deser-\'-es superiority over the others, because of being more 
effeci:ive in increasing the yield and quality of the crop. 
Therefore, a detailed study is desirable to work out the 
effeci; of foliar feeding on the different varieties of 
triticale, 
2,5 Growth and yield parameters 
The final yield in crop plants is positively correlated 
with their vegetative growth as well as yield characteristics. 
In terms of Gregory (1937), the growth characters are expected 
to throw light on some fundamental physiological processes. 
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The fresh and dry weight account for total productivity in 
terms of rate of increase in v\/eight, volume and dry matter 
accumulation; shoot length and tiller number are a measure of 
meristematic activity; and the increase in the number of leaves 
at different stages give some idea of differentiation. In 
cereals, major growth characteristics include number of 
tillers, leaf angle, area and number, fresh and dry weight, 
while, major yield characteristics are ear number, length and 
weight, spikelet and grain number and 1,000 grain weight. 
Accoi'ding to Thorne (1966) grain yield is increased by 
incrg'asing yield characters like number of ears per acre, 
number of grain per ear and size of the grain. Moreover, 
increasing the number of ears may result in increasing the 
yield because of a parallel increase in the capacity of 
system to produce and store carbohydrate. 
With regard to growth and yield characteristics of 
triticale cultivars, several workers have conducted trials in 
many ])arts of the world. Some of the available informations 
are reviewed below. 
Edwards e_t al_. (1971) in Mississipi (U.S.A.), noted 
that lallness in the plants of small grain crops, triticale 
and wheat caused lodging which reduced the yields. Significantly 
they found that triticale being taller than wheat did not lodge 
as the taller wheat. 
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Earnett e^ al. (1971) in Florida (U.S.A.)* observed that 
triticale attained the height of about 58 inches and showed 
lodging ranging from 23 to 24 per cent. Whereas, lodging 
range in wheat was from 10 to 45 per cent which attained the 
height from 41 to 53 inches. They also observed that triticale 
produced longer ears, larger grains and 21 per cent more grain 
pei' ear than wheat, while wheat yielded 15 percent more than 
that of triticale, which was due to poor seed setting and 
31 per cent lesser ear per plot than exhibited by wheat. 
Chandrappa (1973) in Eanglore (Karnataka, India), noted 
major contribution of 1,000 grain weight for increased grain 
yield. He showed positive correlation between total grain 
yield and germination percentage, fertile spikelets, grain 
length, grain yield per plant and 1,000 grain weight. 
The same worker (Chandrappa, 1974) also showed a 
positive correlation between grain yield per plant and germi-
nation percentage, spikelet fertility, yield per ear, grain 
length and 1,000 grain weight. 
Zillinsky (1974) at Cir#lYT (Mexico), suggested that 
reduced height of triticale, like that of Mexican dwarf wheat, 
might increase the grain yield. Further increase in grain 
yield may be obtained by increasing the number of tillers, 
plant density and structure. He also pointed out that increase 
in ear length might compensate the low yield, caused by the 
poor tillering capacity. 
Singh and Se"thi (1974) at Kulu (Himachal Pradesh, India), 
observed that major yield components that contribute the final 
yield were tiller number per plant, grain number per ear and 
1,000 grain weight. 
Vahabian (1974) at Gorvallis (Oregon, U.S.A.) studied 
the yield performance of triticale and wheat, and concluded 
that, among the triticale lines tested, none of them out 
yielded the improved wheat varieties because of low tillering 
capacity of triticale. 
Reddy and Lai (1976) at Pantnagar (Uttar Pradesh, India), 
reported that contributions of grain number to ear weight was 
moi'e important than 1,000 grain weight. They obtained the 
maximum grain yield (23.4 q/ha) of wheat strain C 306. Although 
triticale cultivars Armadillo PM 112 and Brouco 90 also gave 
higner grain yields which were due to high grain number per 
ear, 
Khotyleva e_t a]^. (1977) at Kiev (U.S.S.R.) in field 
experiment with eleven triticale cultivars noted variations in 
the trials viz. grain yield per plant, productivity, tillering, 
weigat of grain from main ear, number of grains in the main 
ear and number of grains per spikelet. They showed a 
correlation between yield and number of grains per ear. 
Moreover, in triticale lines Rosner and 6TA 206, a positive 
correlation existed in between productive tillering and grain 
weights per plant and also between yield and plant height. 
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Kovtun e_t al_. (1978) in Western Siberia (U.S.S.R.)» 
in two years experiments obtained higher average grain yield . 
29.7 tc 30,0 q/ha of triticale, while wheat gave an average 
grain yield of 25.8 q/ha. They concluded that greater number 
of spikelets and grains per ear, higher grain weight per ear 
and higher 1,000 grain weight contributed the higher grain 
yield of triticale. 
Martin and Sapra (1978) at Normal (Alabama, U.S.A.), 
studied the leaf area, leaf angle and number of leaves and 
their :relationship with grain yield in triticale. They noted 
that greater leaf area was associated with plant height, 
increased yield and grain shrivelling. Regarding the number 
of leaves at and after anthesis, showed a negative relationship 
with all the characteristics assessed except that of grain 
protein content. Moreover, reduced leaf angles, except plant 
height and degree of shrivelling, increased the yield, grain 
weight, and test weight. 
Tahir e_t_al. (1979) at Faisalabad and Islamabad (Pakistan) 
studied the performance of 19 hexaploid triticale lines ranging 
with a height between 86 to 146 cms. They found a positive 
correlation between height of plant, 1,000 grain weight and 
between ear length and grain number per ear in irrigated 
conditions of Faisalabad, but in case of rainfed conditions 
of Islamabad, the correlation between plant height and 1,000 
grain weight was moderately significant. They also observed 
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that plant height indirectly affected the grain yield, through 
ear length and 1,000 grain weight, indicating that these two 
traits could be used in selecting triticale strains within the 
height range studied. 
oethi e_t al_. (1979) Bajaura (Himachal Pradesh, India), 
observed that, among the yield components the number of ears 
per plant was the most important. They indicated that yield 
potential of a plant would be improved by this character, 
without affecting other characteristics. 
Abbas e_t al_. (1983a) at Aligarh (Uttar Pradesh, India) 
studied the yield characteristics of eight triticale cultivars. 
He obtained the. maximum grain yield (50 q/ha) of cultivar UPT 
7438 followed by Badger PM 118 (49 q/ha). This made him to 
conclude that, the maximum yield of UPT 7438 was due to ear 
weight, 1,000 grain weight, and grain number per ear while in 
case of Badger PM 118, yield was increased due to the highest 
percentage of germination and 1,000 grain weight. In case of 
TL 174, contrary to high germinabilj.ty gave poorest yield due 
to depleted grain filling (lowest 1,000 grain weight and ear 
weight). Moreover, among the rest varieties tested UPT 72142 
gave low grain yield due to poor germinability, although it 
show6?d promising ear characteristics. Likewise, triticale 
varieties, UPT 72142, 7448, 7449 and Armadillo PM 108 exhibited 
low yields due to one or the other ear characteristics. 
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Ahmad et a^. (1980) at Kanpur (Uttar Pradesh, India), 
noted that the grain yield in 40 triticale cultivars was 
positively correlated with ear length, number of days to" 
flowering, 1,000 grain weight and number of productive ears 
per plant and was negatively correlated with plant height. 
Number of days to flowering was positively correlated with all 
characters except number of productive spikelets and ear 
length. 
It may be concluded that similar to other cereals, 
triticale also exhibits intensive impact of growth and yield 
parameters, such as tillering capacity, leaf area and number, 
plant height and weight, spikelet number, grain number and 
1,000 grain weight on final yield. 
2.6 Yielding ability (Triticale vs wheat) 
Most of the early triticale strains, as indicated by 
reports, were poor in their yielding capacity against the 
traditional cereals except in some areas* with sandy or low 
fertile soils, at high altitudes or at low temperature. 
Triticale has drawn the attention of farm scientists only 
for the last few decades due to its high resistance and 
nutritional values. Therefore, to cope with the problem of 
food created by the population explosion, plant breeders and 
agronomists have been engaged to improve the grain and yielding 
capacity of this man-made cereal. Their untiring efforts 
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result€;d in developing the new varieties with improved yield 
potent.'.al. These varieties were subjected to different 
agrocljiinatic conditions with advanced agronomic practices in 
different parts of the world to find out the best suited 
climate to exploit their full yield potential. 
It is interesting to note that, within two decades, 
triticale started out yielding the tradional cereals at 
various locations of the world. The information so collected 
is briefly considered below. Early triticale strains were 
reported to be poor in yielding capacity in comparison to 
wheat;, rye and barley. Mlintzing (1939) at Lund (Sweden), 
noted that the standard wheat variety surpassed octoploid 
strains of triticale by 50 percent. 
Similarly, low yields of triticale strains compared to 
wheat and other cereals were also reported by Ingold e_t al. 
(196a), Briggle (1969), Busch (1970), Barnett et a]^. (1971), 
Edwards et al. (1971), Gustafson et a]^. (1972), Sizigat and 
Muller (1973), Finkner (1974), Metzger (1974), Vahabian (1974) 
Oplinger and Youngs (1975), Jones and Hooks (1976) and 
Banneick and Schramm (1981). 
However, contrary to the above reports various workers 
have reported that triticale strains even surpassed wheat, 
rye and other cereals. In Manitoba (Canada), triticale strain 
was reported to yield 50 percent more than that of wheat 
(Anenymous, 1967). 
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Sapra e_t a]^. (1971) a t Kansas (U.S.A.) noted tha t the 
average yield of t r i t i c a l e was not as good as of Scout wheat. 
However, they observed that on sandy loam s o i l s , t r i t i c a l e yield 
•was more than tha t of Scout wheat giving 24.64 and 23.25 
q/ha respect ive ly . 
Chauhan and Bajpai (1972) a t Kumaon Hi l l s (Uttar Pradesh, 
India) , compared eleven v a r i e t i e s of t r i t i c a l e with wheat a t 
an al t ' . tude of 2272 meters. They observed tha t a l l the 
t r i t i c a l e s yielded more than wheat var ie ty Kalyan Sona (control ) , 
I t was observed tha t three v a r i e t i e s namely. Armadillo PPV 13, 
Armadillo 133 and Armadillo PM 4 yielded higher s igni f icant ly 
than other v a r i e t i e s . Tr i t i ca le var ie ty Armadillo PPV 13 
gave the highest yield of 29.95 q/ha, while, wheat yielded 
4.65 q/ha. They found, pronounced winter ki l l ing, , poor 
vegetat ive vigour and sickly growth to be the cause behind 
poor ^iield of Kalyan Sona, while t r i t i c a l e s were l ess affected 
by th6!se f ac to r s . The damage due to hailstroms was also more 
in case of wheat than in t r i t i c a l e . 
Hatrik (1972) in Czechoslovakia studied the yielding 
a b i l i t y of t r i t i c a l e , wheat and rye in varying so i l condit ions. 
He observed tha t t r i t i c a l e surpassed a l l the rye v a r i e t i e s 
on sandy so i l s but yielded poor a t an a l t i t u d e of about 700 
meter, the rye growing lands. Moreover, t r i t i c a l e was also . 
out yielded by wheat v a r i e t i e s in beet and maize growing 
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regions, while triticale surpassed all wheat varieties by a 
handsorr.e yield of 77.34 q/ha at Betlanovice, in conditions 
less favourable to wheat. 
Dorofeev and Kurkiev (1975) at Leningrad . (U.S.S.R.). 
observ6;d the yield potential of triticale varieties obtained 
from the World Collection Institute of Plant Industry. They 
noted i;hat one of the octoploid triticale variety surpassed 
the wheat variety Bezostaya 1, Whereas, in case of hexaploid 
triticales four varieties namely 6TA502, 6TA208, 6TA, 472 and 
6TA 203 from U.S.A. out yielded the wheat. 
Similarly various workers also reported the superior 
yielding ability of triticale when compared to other cereals. 
Among them the notable contributors are Shulyndin (1975), 
Mukhordov (1975), Pavlov et a]^. (1975), Nalbat (1977)', 
Mikiteako e^ aJ. (1977), Seatonberry (1978), Anonymous (1979) 
Librandi (1979), Masajo e_t al^ . (1979), Bagulho (1980), 
Oksuzyan (1980), Papov and Matsov (1980), Turbin et al. (1980) 
Bernard and Vermorel (1981), Gill et al_. (1981), Gustafson 
et a^. (1981), Poysa e_t aJ. (1981 a,b)^and Rossi (1981). 
It may, therefore, be concluded that with few exceptions, 
all the newly developed triticale strains were proved to be 
out yielding wheat, rye and barley. Various agronomic practices 
and varying agroclimatic conditions also play an important 
role to exploit their full yielding potential. Moreover, in 
poor soils viz. acid or sandy soils, or at high altitudes, 
triticale yields better than wheat. 
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2.7 Concluding remarks 
The review of available literature presented in this 
chapter indicates that work carried out on triticale is meagre, 
Therefore, it is desirable to work out the varietal screening 
of triticale cultivars with regard to fertiliser application 
of nitrogen, phosphorus and potassium in detail; 
Lastly, for the feasibility of fertiliser economy 
foliar fertilisation technique,developed previously at 
Aligarh, be applied. 
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CHAPTER THREE 
PROPOSED STUDY 
To fulfil the aims and objectives mentioned earlier it 
is proposed to conduct four field experiments on selected 
triticale varieties with regard to their mineral nutrient 
requirement under local agro-climatic conditions. These 
trials will include the critical study of : 
(a) selection of better responding varieties on the basis of; 
(b) growth characteristics at different intervals 
(c) uptake of N, P and K and 
(d) yield characteristics at harvest. 
These trials will be conducted during the "rabi" season 
(November to April) at the Agriculture Farm of Aligarh Muslim 
University, Aligarh, as per details given below: 
3.1 Preparation of the experimental field;-
Before the start of each experiment, the field will be 
thoroughly ploughed to make it tillable and also- to ensure 
proper aeration. Sufficient quantity of organic manure (FYM) 
will oe added for maintaining fertility and water holding 
capacity of the soil. Small plots of 10 sq^ m. each will be 
prepai^ ed. Light irrigation will be given before sowing. The 
basal doses of various inorganic fertilisers containing 
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N, P and K wi l l be added before sowing i n each p l o t according 
to the aim and ob jec t ive of each exper iment . 
3 .2 So i l c h a r a c t e r i s t i c s ; 
Before sowing, s o i l samples w i l l be c o l l e c t e d from each 
p l o t from a v e r t i c a l depth of about 15 cm. A composite sample 
w i l l be made for each exper imental p l o t and analysed for 
v a r i o u s physico-chemical p r o p e r t i e s (Table 1 ) . 
TABLE 1. Proposed o u t l i n e of s o i l a n a l y s i s fo r va r ious 
physico-chemical p r o p e r t i e s 
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•3.3 Field experiments; 
Following field experiments will be conducted at the 
Agricultural Farm of Aligarh Muslim University, Aligarh 
according to the scheme of treatments given in Tables 2-5. 
3.3.1 Experiment 1 
This experiment will be conducted during the "rabi" 
ses.son to test the comparative performance of seven varieties 
of triticale under four levels of basal nitrogen (100, 150, 200 
and 250 kg N/ha), The varieties will be Delfin, Drira, 
Juppa "S", Muskox "S", Mula "S", Tigre "S" (procured from 
Mexico) and TL 419 (obtained from Punjab, India), The scheme 
of the experiment is given in Table 2. The design of the 
experiment will be factorial randomised with three replication. 
A uniform basal dose of 30 kg each' of phosphorus and potassium 
will, be applied at the time of sowing. Sources of N, P and K 
wil]. be urea, monocalcium superphosphate and muriate of potash 
respectively. The seed rate will be kept at 125 kg/ha. Sowing 
will be done on 10-12 November by behind the plough method. 
The size of the plot will be 10 sq m. Weeding will be done 
twica at tillering and heading, while irrigation will be done 
according to the requirement of the crop. Harvesting and 
threshing will be done manually. 
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Table 2. Scheme of treatments - Experiment 1 
Varieties 
Nitrogen treatments (kg N/ha) 








N.B. A uniform basal dose of 30 kg each of phosphorus (P) 
and potassium (K) will be added at the time of sowing, 
3.3.2 Experiment 2 
This experiment will be conducted during the following 
'rabi,' season on three better performing varieties (selected 
from Experiment 1) to be grown with four levels of basal 
phosphorus. The levels of phosphorus will be 15, 30, 45 and 
60 kg/ha. A uniform basal dose of nitrogen (selected from 
Experiment 1) and potassium (30 kg/ha) will be applied to the 
56 
soil at the time of sowing. The design of the experiment 
will be factorial randomised. The scheme of the experiment 
is given in table 3. Each treatment will be replicated 
thrice. Sowing date, size of plot, seed rate, sowing method, 
weeding and irrigation and other practices will be the same 
as in Experiment 1. 
Table 3. Scheme of treatments - Experiment 2 
Phosphorus treatments (kg P/ha) 




N.B, A uniform basal dose of nitrogen (selected from 
Experiment 1) and potassium at the rate of 30 kg 
K/ha will be applied at the time of sowing. 
3.3.3 Experiment 3 
This experiment will be conducted simultaneously with 
the Experiment 2. The aim of this experiment will be to work 
out the optimum requirement of potassium for three better 
performing triticale varieties (selected from Experiment 1). 
A uniform basal dose of nitrogen (as established in 
Experiment 1) and phosphorus (30 kg/ha) will be applied at the 
time of sowing. The design of experiment will be factorial 
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randomised. The scheme of the experiment is given in Table 4. 
Othe}" cultural practices will be same as mentioned in earlier 
expei-'iments, 
I&ble 4. Scheme of the treatments - Experiment 3 
Potassium treatments (kg K/ha) 




N.B, A uniform basal dose of nitrogen (selected from 
Experiment 1) and phosphorus at the rate of 
30 kg P/ha will be applied at the time of sowing, 
3.3.4 Expei'iment 4 
This experiment will be conducted during third year 
of study on the best variety selected on the basis of the 
previous three experiments. The aim of this experiment will 
be to study the efficacy of leaf-applied nitrogen and 
phosf'horus under varying levels of basal nitrogen and phosphorus 
according to the scheme of treatments mentioned in Table 5» 
The spray of aqueous solution (using deionised water as solvent) 
of nitrogen or phosphorus will be done on the leaves at post 
anthesis stage. Super phosphate and urea will be used as the 


























Rest of the cultural practices from sowing till harvesting 
will be more or less same as mentioned in earlier experiments, 
Table 5. Scheme of treatments - Experiment 4 







N.B. A uniform basal dose of potassium (selected from 
Experiment 3) will be applied at the time of sowing 
3.4 Sampling technique : 
Random selection of three plants will be done from 
each plot to study the various growth and yield attributes 
of the plant, 
3.4.1 Growth characteristics : 
The following growth characteristics will be noted at 
tillering^heading and milky grain stages of the crop, 
(1) Leaf number/plant 
(2) Tiller number/plant 
(3) Shoot length/plant 
(4) Fresh weight/plant 
(5) Dry weight/plant 
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To assess dry weight of shoot three plants, already-
evaluated for their fresh weight, will be dried for about 
72 hours in an oven maintained at 80°C. 
3»4«2 Yield characteristics : 
At harvest, following yield characteristics will be 
studied. Three plants will be sampled from each bed and the 














1000 grain weight 
Grain yield /ha 
Straw yield /ha 
Number of days to maturity will also be noted before 
harvest in case of each variety. 
3.4.3 Nutrient content of leaf; 
Assessment of leaf N, P and K content will also be 
done in all the samples collected and dried at each 
growth stage. 
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3.4,3.1 Chemical analysis : 
Chemical analysis of leaves will be done according 
to the method of Lindner (1944). Leaves will be dried in 
a hot air oven and powdered and passed through a 72 mesh 
screen. The leaf powder will be kept overnight at 70°C 
before digestion and subse.quent analysis for its N, P and 
K contents. 
100 mg of the dried leaf powder of each sample will 
be carefully transferred to a 50 ml Kjeldahl flask, and 2 ml 
of chemically pure sulphuric acid will be added. Digestion 
will be continued on heating mantle for about two hours to 
allow complete reduction of nitrates present in the plant 
material by the organic matter itself, giving off dense white 
fumes until the contents turn black. After cooling the 
flask for about 15 minutes 0.5 ml of chemically pure 30 
percent hydrogen peroxide will be added drop-wise and the 
solution will be heated again till the colour of the 
solution changes from black to light yellow. After heating 
for about 30 minutes, the flask will be cooled for 10 minutes 
and an additional amount of 3 to 4 drops of 30 percent 
hydrogen peroxide will be added, followed by gentle heating 
for another 15 minutes to get clear and colourless extract. 
Care will be taken in the addition of hydrogen peroxide 
because if added in excess there is a possibility that it 
would reduce the nitrogen in ammonia in absence of organic 
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matter . When the contents in Kjeldahl f lasks become totally-
co lour less , i t wil l be di luted with double d i s t i l l e d water 
and transferred with three or four washings to a 100 ml 
volumetric f lask and the volume made upto the mark. Deter-
mination of nitrogen, phosphorus and potassium in the 
sulphuric acid-peroxide-digested samples wil l be done as 
given below. 
3.4.3.1.1 Estimation of ni t rogen : 
Lindner 's method (1944) will be adopted for the 
estimation of nitrogen in the samples. Total nitrogen in 
leaves will be determined by Ness ler isa t ion . 
A 10 ml a l iquot of the peroxide digested material will 
be transferred to a 50 ml volumetric f lask . To i t 2 ml of 
2.5 N sodium hydroxide solut ion wil l be added to p a r t i a l l y 
neu t ra l i se the excess of ac id . Then 1 ml of 10 percent 
sodium s i l i c a t e solution will be added to prevent turb id i ty 
and f ina l ly the volume will be made up. 5 ml solut ion will 
be taken in a t e s t tube and 0,5 ml of Ness ler ' s reagent will 
be added dropwise. After adding d i s t i l l e d water to make 
upto 10 ml volume, the contents will be allowed to stand 
for about 5 minutes for maximum colour development. The 
solut ion will then be transferred to a colcr imetr ie tube 
and the opt ical density will be measured a t 525 nm on a 
'Spectronic 20' colorimeter. A blank will be run with 
each sample using known d i lu t ions of a standard ammonium 
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sulphate solution, a calibration curve will be obtained 
from which the amount of nitrogen in the aliquot will be 
calculated, 
3.4.3.1.2 Estimation of phosphorus : 
Phosphorus will be estimated by the method of Fiske 
and Subba Row (1925). In a graduated test tube 5 ml of 
aliquot will be taken and 1 ml of molybdic acid (2.5 percent 
ammonium molybdate in 10N sulphuric acid) will be added 
carefully, followed by 0.4 ml of 1,2,4-aminon«phtholsulphOGlc 
acid. This acid will turn the contents blue. The volume 
will be made upto 10 ml and the solution will be allowed 
to stand for about 5 minutes for colour development. Then 
it will be transferred to a colorimetric tube and the 
optical density will be read at 620 nm. A blank will be 
run for each determination. A calibration curve will be 
prepared by using known dilutions of a standard monobasic 
potassium phosphate solution. 
3.4.3.1.3 Estimation of potassium : 
The determination of potassium will be performed by 
using a flame photometer. A blank will be run side by side. 
The reading will be compared with a calibration curve 
plotted for different dilutions of a standard potassium 
sulphate solution. 
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3.5 Statistical analysis and discussion of data 
All the experimental data will be subjected to 
statistical analysis to ascertain their significance 
determined at 5 percent level of probability. 
The data obtained in each experiment will be discussed 
in the light of relevant information and with reference to 
the studies carried out by other workers on triticale and 
other allied cereal crops like wheat and rye. 
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